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Only a few prospective studies of the natural his-
tory of thoracoabdominal aortic aneurysm (TAA)
appear in literature. This paucity is even more evident
when one looks for papers concerning the indicators
of rupture. Only Cambria et al.1 addressed this ques-
tion, but the results were inconclusive. The search for
these indicators represents everyday doubt in vascu-
lar surgical practice, and the indicators are a matter of
dispute between specialists during meetings. Surgical
intervention persists as the only available treatment
and the only way to prevent rupture since an opera-
tion was proposed in 1955.2 Nevertheless, postoper-
ative complications, especially paraplegia, are not
infrequent3,4 and mortality rates reach 3% to 19%.5,6
The ideal way to manage these aneurysms consists in
performing surgical repair when there is high risk for
rupture and avoiding unnecessary operations on
patients with a short life expectancy as the result of
concomitant diseases. Unfortunately at the moment
we do not have sufficient data to predict these events.
METHODS
We defined TAA as permanent, localized dilata-
tion of the thoracoabdominal aorta in which the
diameter is at least 50% greater than the expected
normal diameter of the artery.7 All patients with
asymptomatic atherosclerotic TAA who attended the
outpatient unit of the division of vascular surgery of
the University of São Paulo School of Medicine
between February 1, 1990, and December 31,
1992, who did not have the indications for surgical
repair of the aneurysm were selected for the study.
Inclusion criteria were as follows: maximum diame-
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ter less than 60 mm (23 patients [74.2%]; 6 of these
patients also were at high surgical risk), refusal of
surgical treatment (7 patients [22.6%]), and high
surgical risk as a result of concomitant diseases for
patients with a maximum diameter of 60 mm or
more (1 patient [3.2%]). The follow-up period was
completed when elective repair was undertaken, the
aneurysm ruptured, the patient died, or the prede-
termined date for the end of the study (July 31,
1996) was reached.
Our group comprised 31 patients (24 men and 7
women) 48 to 78 years of age (median, 66.5 yr). The
aneurysms were grouped according to the classifica-
tion described by Crawford et al.8 as follows: 6 type
I (19.4%), 6 type II (19.4%), 12 type III (38.7%),
and 7 type IV (22.5%). The median follow-up period
was 47 months (17 to 78 months). Additional
patient characteristics are shown in Table I.
Thoracoabdominal computed tomography
(TACT) was used to measure transverse (T) and
anteroposterior (AP) maximum diameters. Whenever
inaccurate measurements were suspected, the diame-
ters obtained were reevaluated and substituted for
sequential ones taken at the closest site at which no
tortuosity was detected. The follow-up study includ-
ed at least two TACT examinations during the year;
the time intervals between the examinations ranged
from 1 to 11 months. The median number of TACT
examinations performed in this study was nine.
TAAs were classified as being small (<40 mm),
medium (40 to 49 mm), or large (‡ 50 mm), accord-
ing to T and AP diameters. The growth rate of TAA
corresponded to the difference between final and
initial diameters in millimeters divided by the time
elapsed in years between the two measurements.9
Rupture was confirmed with at least one of the fol-
lowing: autopsy (4 patients), operation (3 patients),
death certificate (1 patient), and TACT (1 patient).
Statistical analysis included the Wilcoxon sign
test for comparison of the various measurements of
T and AP diameters, the Kruskal-Wallis test for com-
parison of patients’ ages, annual growth rate, initial
and final sizes of the aneurysms in accordance with
aneurysm outcome (rupture, elective repair, and
other). Annual growth rate also was studied in
respect to aneurysm size (small, medium, large) by
means of the Kruskal Wallis test. The Dunn test was
used whenever a significant result was obtained with
the Kruskal-Wallis test. The Kaplan-Meier method
and log-rank tests were used to select the variables
probably associated with rupture (p < 0.10). The
Cox regression model, in a stepwise procedure, was
used to identify the most predictive variables (p <
0.05). Patients who underwent surgical treatment of
TAA were carefully excluded from univariate and
multivariate statistical analysis and from the cumula-
tive incidence of rupture.
RESULTS
Maximum initial T diameter (TI) (median, 44
mm) was significantly larger than initial AP diameter
(API) (median, 41 mm) as assessed with the
Wilcoxon sign test (p = 0.0001). Only 22.4% of API
diameters and 29% of TI diameters were 50 mm or
more (Fig. 1). Maximum final T diameter (TF)
(median, 58 mm) was significantly larger than final
AP diameter (APF) (median, 54 mm) as assessed
with the Wilcoxon sign test (p = 0.0001). Seventy-
seven percent of TF diameters and 67.7% of APF
diameters were 50 mm or more (Fig. 2). This repre-
sented significant expansion in both diameters (p =
0.0001).
The median T annual growth rate was 3.4
mm/year, and AP growth rate was 2.8 mm/year.
No statistical difference was observed when these
measurements were compared with the Wilcoxon
sign test (p = 0.1123). Annual growth rate also was
calculated in respect to the size of the aneurysm
(small, medium, large), but no statistical difference
was observed when the results were compared with
the Kruskal-Wallis test (p = 0.2743). Changes in ini-
tial and final T and AP diameters with time are
depicted in Figs. 3 and 4.
Elective repair was undertaken whenever aneurys-
mal diameter reached 60 mm or the aneurysm
became symptomatic. Although 14 patients met these
criteria, only five patients underwent operations. Five
Table I. Prevalence of concomitant diseases and
risk factors
Risk factor No. of patients Percentage
Smoking 26 83.9
Arterial hypertension 24 77.4
COPD, total 19 61.3
COPD, light or moderate 15 79.0
COPD, severe 4 21.0
Peripheral arterial occlusive 13 41.9
disease
Coronary artery disease 11 35.5
Multiple aneurysms 10 32.2
History of cerebrovascular 6 19.3
insufficiency
Diabetes 3 9.7
Renal failure (serum 1 3.2
creatinine >2 mg/dl)
COPD, Chronic obstructive pulmonary disease.
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refused elective repair, and four did not undergo
operations because of high surgical risk. Nine patients
(34.6% of the patients who did not undergo opera-
tions) had ruptured aneurysms. All of them had TF
and APF diameters of 50 mm or more as assessed with
TACT (Table II). All ruptured TAAs with APF diam-
eters less than 60 mm had an AP annual growth rate
of 10 mm or more between the last two examinations.
The cumulative incidence of rupture was 0% the first
year, 3.8% the second, 26.9% the fourth, and 34.6%
the sixth year of follow-up study.
Eleven patients completed the follow-up period
without rupture or elective repair. Six patients died of
unrelated causes (Table III). Statistical analysis of the
patients’ age, annual growth rate, and initial and final
sizes of aneurysm according to outcome (rupture,
elective repair, other) is shown in Table IV. Initial
and final T and AP diameters, T and AP diameters of
Fig. 1. Frequency distribution of maximum initial transverse and anteroposterior diameters of
thoracoabdominal aortic aneurysms measured with computed tomography for 31 patients (9
with rupture, 5 undergoing elective repair, 17 others [remaining]) during a median follow-up
period of 47 months.
Fig. 2. Frequency distribution of maximum final transverse and anteroposterior diameters of
thoracoabdominal aortic aneurysms measured with computed tomography for 31 patients (9
with rupture, 5 undergoing elective repair, 17 others [remaining]).
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Table II. Initial and final diameters of ruptured thoracoabdominal aortic aneurysms, follow-up period,
and time elapsed between last TACT examination and rupture
Patient no. Diameter (mm) Length of follow-up period (mo) Time between last CT measurement 
TI API TF APF and TAA rupture (mo) 
1 58 51 64 55 30 6
2 40 41 50 52 28 4
3 47 43 62 55 65 8
4 74 70 86 80 46 1
5 48 48 58 54 26 3
6 90 83 130 96 32 0
7 65 71 70 79 17 7
8 45 40 107 55 48 4
9 60 61 74 68 42 5
TACT, Thoracoabdominal computed tomography; TI, initial transverse diameter; API, initial anteroposterior diameter; TF, final trans-
verse diameter; APF, final anteroposterior diameter.
Fig. 3. Individual expansion curves for 31 thoracoabdominal aortic aneurysms (T diameter)
plotted against time.
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50 mm or more, and annual growth rate were the
variables selected with univariate analysis as being
possibly correlated with rupture (Table V).
Initial AP diameter (p = 0.0499) and annual
growth rate of AP diameter (p = 0.0109) were
selected with the Cox proportional regression risk
method as being predictive factors for rupture of
TAA. Determination of predictive factors for rup-
ture of TAA enabled us to construct the Cox regres-
sion model and demonstrate with a graph the prob-
ability of rupture over time. Actuarial predictions
were constructed for various combinations of initial
AP diameter and AP annual growth rate. Arbitrary
values were selected to represent clinically relevant
levels of risk, and actuarial rupture rates were pre-
dicted for these theoretical values. Significantly
greater risk for TAA rupture was predicted as each
of these risk factors increased (Figs. 5 and 6).
Table III. Causes of death among patients with
nonruptured thoracoabdominal aortic aneurysms
Cause of death No. of patients Percentage
Cardiopulmonary disease 4 66.6
Cerebrovascular disease 1 16.7
Unknown cause 1 16.7
Fig. 4. Individual expansion curves for 31 thoracoabdominal aortic aneurysms (AP diameter)
plotted against time.
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Fig. 5. Probability of rupture predicted with Cox proportional hazards regression according
to the two significant covariates: initial AP diameter of the aneurysm (API) and annual growth
rate of AP diameter. These curves resulted from different combinations of risk levels assigned
to these covariates.
Table IV. Patient age, annual growth rate of aneurysm, and initial and final sizes of aneurysm according to
outcome
Outcome Age (yr) TI API TF APF Annual growth rate (T) Annual growth rate (AP)
Rupture (I)
Median 66 58 51 70 68 6.7 5.5
Range 42-78 40-90 40-83 50-130 52-96 4.0-16.8 5.0-11.4
Elective repair (II)
Median 68 43 40 60 57 5.9 4.0
Range 63-73 40-47 36-44 55-65 52-61 3.8-10.0 2.2-10.8
Other (III)
Median 66 40 38 51 45 2.1 2.0
Range 57-78 35-55 30-50 37-71 33-65 0.0-8.4 0.0-6.5
p value (Kruskal-Wallis) 0.788 0.010 0.006 0.009 0.005 0.003 0.002
Dunn test NS I > III I > III I > III I > III I > III < II I > III
TI, Initial transverse diameter; API, initial anteroposterior diameter; TF final transverse diameter; APF , final anteroposterior diameter; NS,
not significant.
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DISCUSSION
The outcome of aortic aneurysms less than 50
mm in diameter remains unknown. The question of
what will happen first—rupture of TAA or death of
unrelated causes—is probably one of most impor-
tant doubts in vascular surgical practice. Crawford
and De Natale10 reported that 35% of patients with
TAA died of unrelated causes after a 2 year follow-
up period. Elective TAA repair was not performed
on these patients either because of high risk (68%) or
refusal of surgical treatment (8%). Cambria et al.1
also reported a high death rate of unrelated causes
(46%) after a 34 month (median) follow-up period.
High risk, however, was not as common (32%) as in
the previous series. In our study the death of causes
unrelated to TAA was only 19.3% after 47 months
(median). This probably reflects the low incidence of
high risk among our patients (22.6%).
Rupture, on the other hand, occurred among
34.6% of our patients after a median follow-up peri-
od of 47 months. A higher rupture rate was found
by Crawford and De Natale10 in a study with a
shorter follow-up period (2 years). A possible expla-
nation for this higher rupture rate is the predomi-
nance of larger initial diameters in the Crawford and
De Natale series. Lower rates (19%) have been
reported1 probably as a result of the number of elec-
tive repairs of TAA and a shorter follow-up period.
In this study we found that API diameter and
annual growth rate were predictive risk factors for
TAA rupture; nevertheless TI diameter (median) was
significantly larger than AP diameter (p = 0.001).
Fig. 6. Probability of rupture predicted with Cox proportional hazards regression according
to the two significant covariates: initial aneurysm AP diameter (API) and annual growth rate
of AP diameter. These curves resulted from different combinations of risk levels assigned to
these covariates. Compare with Fig. 5.
We believe that identification of API diameter
and AP diameter annual growth rate as predictive
risk factors for rupture is an important contribution
to current knowledge concerning TAA. The follow-
ing guidelines for elective repair of TAA are based on
the results of this study. It should be noted that
these guidelines were derived from results with a
small group of patients and care has to be carefully
individualized. In our opinion elective repair should
be performed on patients without symptoms who
are at good risk with a long life expectancy. The API
diameter of the TAA should be 50 mm with an
annual growth rate of at least 10 mm. Patients with
similar diameters but with slower annual growth
rates should be treated conservatively; they should
undergo TACT every 6 months. Patients with an
API diameter of 60 mm and an annual growth rate
of 6 mm should undergo surgical repair.
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Cronenwett et al.9 previously reported that mean
transverse aneurysm diameter was statistically larger
than mean AP diameter (p < 0.02, initial; p < 0.001,
final) for abdominal aortic aneurysm. A previous
study1 probably failed to determine the predictive
risk factors for TAA rupture either because of a short
follow-up period or because rupture was a less fre-
quent event in that series.
Although chronic obstructive pulmonary disease
(COPD) was not selected as a predictive risk factor for
rupture in our series, it has been considered by
Cambria et al.1 and Cronenwett et al.9 as a probable
risk factor for rupture of aortic aneurysm. The study
by Cambria et al.1 demonstrated a trend for COPD to
be associated with increased risk for rupture of TAA
(p = 0.06). Cronenwett et al.9 reported COPD to be
one of the three predictive risk factors for rupture or
acute expansion of abdominal aortic aneurysm.
We found by means of the Cox regression model
that TAA with an API diameter of 50 mm or more
and an annual growth with of 3 mm had a rupture risk
of 0% after a 12 month follow-up period. This risk
reached 2% (less than the mortality rate for elective
repair of TAA6) and 26% after a 12 month follow-up
period when the annual growth rates were 6 and 10
mm, respectively. The rupture probability of TAA
with an API diameter of 60 mm and an annual growth
rate of 3 mm after a 12 month follow-up period was
0%. This risk reached 5% when the annual growth rate
was 6 mm. 
Table V. Identification of indicators of rupture by
means of univariate analysis






Acute myocardial infarction 0.8461
Cardiac failure 0.7298
Stroke 0.5230
Elevated serum creatinine 0.3524
Peripheral arterial occlusive disease 0.2311
Diabetes 0.2414
Initial T (mm)† 0.0009
Initial AP (mm)† 0.0002
Annual growth rate, T (mm/year)† 0.0030
Annual growth rate, AP (mm/year)† 0.0001
T ‡ 50 mm† 0.0334
AP ‡ 50 mm† 0.0031
Final T (mm)† 0.0051
Final AP (mm)† 0.0010
COPD, Chronic pulmonary obstructive disease; T, transverse
diameter, AP, anteroposterior diameter.
*Log rank test. 
†Statistically significant.
